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ABSTRACT

Setaria subgenus Reverchoniae is proposed. New combinations in subgenus Reverchonsae,
Setaria reverchonii (Vasey) Pilg. subsp. ramiseta (Sctibn.) W.E. Fox, S. reverchonis (Vasey) Pilg.
subsp. firmula (Hitche. & Chase) W.E. Fox are proposed. New combinations in subgenus
Peurvachactinm, S. utowanaea (Scribn.) Pilg. var. apbiticola (Hitche. & Ekman) W.E. Fox, §.
wtowanaea (Scribn.) Pilg. var. subtransiens (Hitche. & Ekman) W.E. Fox are also proposed.
Keys separating the subgenera, subspecies of S reverchonii, species of subgenus Paurachactinn,

and varieties of S. utowanaca are included.

RESUMEN

Se propone Setaria subgénero Reverchoniae. Son propuestas combinaciones nuevas en el
subgénero Reverchoniae, S. reverchonii (Vasey) Pilg. subsp. ramiseta (Scribn.) W.E. Fox y §.
reverchonii (Vasey) Pilg. subsp. firmule (Hitche. & Chase) W.E. Fox,. Son tambié
baetinm, S. ntowanaea (Scribn.) Pilg. var. opbiticola
s (Hitche. & Ekman)
le S. reverchonii y las

propuestas

combinaciones nuevas en el subgénero Peiro
(Hirche. & Ekman) W.E. Fox y 8. wowwnaca (Scribn.) Pilg. var. subtyansie
W.E. Fox. Se incluyen claves para separar los subgéneros, subespec

variedades de 8. wtowanaea.

INTRODUCTION

Setaria P. Beauv. is a cosmopolitan genus important in cultivated crops
[S. italica (L.) P. Beauv.}, perennial forage grasses [S. macrostachya H.B.K.}
and noxious weeds {S. virzdis (L.) P. Beauv.}.

Setaria (Poaceae:Paniceae) is one of several genera closely relaced to Pani-
cum. Tribal and generic arrangement of the species of the Poaceac as classified
by Hiickel (1887) has been revised by Prat (1936), Pilger (195 1), Stebbins
(1956), Clayton and Renvoize (1986) and Soderstrom (1986). However, the
circumscription of the Paniceae has remained racher stable. For additional
discussion of previous work see Fox (1999). Most taxa in Sefaria can be cas-
ily differentiaced from its closest relatives Panicim and Paspalum by the presence
of bristles subtending che spikelets, these representing modified inflorescence
branches.
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Rominger (1962) monographed the species of Setaria from North America
and classified 43 species occurring in three subgenera: Prychophyllun (6 species),
Setaria (27 species) and Paurochaetium (10 species). Twenty-five are native
to North America, ten originate from South America and cighe are from
the Old World (Rominger 1962).

The subgenus Paurochactizm forms an “artificial group” (Rominger 1962)
distinguished from the remainder of the genus by the occurrence of only
one bristle usually below the terminal spikelec of the primary branches. The
The first complex ranges from

subgenus occurs as two separate complexes.
southern Florida through the Wese Indies and into the Yucatan region of
Mexico and Belize. The complex includes Setaria distantiflora (A. Richard)
Pilg., S. pradana (Léon) Léon, S. Jeonis (Ekman) Léon, S. ophiticola (Hitche.
& Ekman) Léon, S. subtransiens Hitche. & Ekman, S. #towanaea (Scribn.) Pilg.,
and 8. chapmanii (Vasey) Pilg.. The second complex occurs from northeast-
ern Mexico through the wescern two-thirds of Texas, into southern Okla-
homa and west into New Mexico. It extends from the Balcones Escarpment
of Texas to Chaves County, New Mexico. The complex includes S. firmula
(Hitche. & Chase) Pilg., S. ramiseta (Scribn.) Pilg. and S. reverchonii (Vascy)
Pilg.. Not included in Rominger (1962) is the species S. variifolia (Swallen)
G. Davidse found in the Yucatan Peninsula of Mexico and south.

Rominger (1962) separated the subgenus from cthe remainder of Seraria
by the presence of a single bristle “usually” below the terminal spikelet of
cach primary branch. Gould (1975) used the same character to separate the
species that occur in Texas; however, he reported a problem with the identificacion
of specimens based on this character. These problems led ro the current rescarch
in the subgenus.

The objectives of the research were to 1) determine the relationships of
the taxa in the Texas/Mexico/Oklahoma/New Mexico complex and 2) pro-
vide a taxonomic treatment of all taxa recognized by Rominger (1962) in
the subgenus Paurachactinm and S. variifolia.

MATERIALS AND METHODS

Field collections were made during che flowering periods of the species
throughout Texas, Floridaand Belize. To insure isolation between the populations,
a minimum distance of five miles was craveled berween successive collec-
tion sites. Ten independent specimens from each site were semi-randomly
collected and pressed; selection was biased in favor of macure planes thac
did not show any signs of damage from insccts, herbivores, crampling, ctc.
The West Indies species were scudied from herbaria specimens. In some cases
sufficient samples were available of a single collection to serve as a “real”
population. Inothers, “artificial” populations were created based upon similar
geographic location. A total of 78 populations were scudied for the subgenus.
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Table 1 lists the 52 characters measured from representative populations
to determine the relationship between the 11 species. All characters of se-
lected populations were measured and statistically analyzed to determine
significant characters for the detailed study of the subgeneric relationships.
Nineteen characters were determined to be significant and included in that
analysis. The following hypothesis was tested: taxa of subgenus Paurachactinm
should be classified in one subgenus versus the need to describe a new sub-
genus. Two hundred and ninety two operational taxonomic units (OTU's),
representing all species included in the study, were measured.

Univariate statistics (mean, standard deviation and range) were obtained
using the PSI-Plot software package (Poly Software Incernacional 19906).
Mulcivariate statistics of principal component analysis (PCA) was obtained
using the NT-SYS sofeware package (Rohlf 1990). Principal components
were derived using correlation matrices.

RESULTS AND DISCUSSION
SUBGENERIC STUDY

Based upon the analysis of the 11 species classified in Setaria subgenus
Panrachacetium, two distinctly separate entities were discovered. These dif-
ferences matched the two complexes within subgenus Paurochaetinm men-
cioned earlier. Figure 1 illustrates the separation between the two complexes.

Based upon the relationships revealed chrough the PCA, geographical
separation, consistent morphological differences and similar habirar requirements
of the complexes, the subgenus Reverchoniae is proposed.

Sectaria subgenus Reverchoniac W.E. Fox, subgenus nov. Basionvae: Panicun
reverchonii Vasey, Bull. U.S. Dept. Agric. Div. Bot. 8:25. 1889, Tvei: Reverchon s.n.
(USY. Typus: Setaria reverchomii (Vasey) Pilg.

Setaria subgeneris Reverchoniac ab subgeneri Paurochactio per absentiam paleae flosculi

2.6 mm latam)

inferior, paniculam ereccam, spiculam grandiorem (2.1-4.5 mm logan, 1.

fortuito disposicam (non dispositam), atqu inflorescentiae scabro differt.

Setaria subgenus Reverchoniae differs from subgenus Paurochactium in the
absence of a palea of the lower floret, erect panicle, larger spikelets (2.1-4.5
mm long, 1.2-2.6 mm wide) that are randomly disposed (not distichous),
and the scabrous axis of the inflorescence.

Setaria subgenus Reverchoniae contains three taxa previously classified in
the subgenus Panrochaetinm (Rominger 1962) including the proposed sub-
species: Setaria reverchonii (Vasey) Pilg. subsp. reverchonii, S. reverchonii (Vasey)
Pilg. subsp. ramiseta (Scribn.) W.E. Fox and S. reverchonii (Vasey) Pilg. subsp.
Sfirmula (Hitche. & Chase) W.E. Fox. Setaria variifolia was included in che
subgenus, but was not treated originally by Rominger (1962). The lack of
a palea in the lower florec best circumscribes the subgenus Reverchoniae
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Tasr 1. Fifty-two characeers used 1o assess morphological and reproductive varation in Setrza sub-
ation excepe those labeled as

genus Pasrachaetun, All Characters were measured for quantitative va
TS fewo-state (binary)] and MS [multi-state qualitative], Talicized characrers were found as significant
and used in the final analysis

Vegetacive: growsh habir (MS), cutm height, culms branched/unbranched (BS), incernodes hollow/solid
(BS), node pubescence present/absent (BS), leaves basal/throughout (BS), leaf sheath pubescence present
absent (BS), leaf sheath pubescence lengeh G present), Jeaf length, leaf width (widese point), feaf base
width, leaf invalled/not nrolled (BS), leai’ pubescence abaxial present/absent (BS), leaf pubescence adaxial

present/absent (BS), leaf pubescence margin present/absent (BS), collar pubescence present/absent (BS),

collar pubescence lengeh G preseno), auriculate trichomes preseat/absent (BS), anricnlate pubescene
length Gt presenc), ligule type (MS), ligade longth

Inforescence: inflorescence fengrh, inflorescence axis pubescence present/absent (BS), distance between
lower primary branches, distance beeween upper primary branches, terminal bristle length lowese
al briscle lengrh terminal primary
branch, brisele exceeding spikelet lowest branch (B8), bristle exceeding spikelec upper branch (BS),

braach, rerminal brisle lengeh upper primary branches, term

bristle exceeding spikelet cerminal branch (BS)

Spikelec: spikelet length, \prkclet width, locer glume casping (BS), lower glume apex shape, lower glume # of
veins (MS), Zocer glume lengrh, upper glume equalmoc equal ferile lemma, apper olume lengrh, lower glume
# veins (MS), sterile lemmi equal not equal ferdile lemma (BS), viere femma lengeh, sterile lemma # veins
(M), seerile palea present/absent (BS), siersle pelea fongth, tertile lemma vagose (BS), fertile lemme fongth,
fertrle palea fength, caryopss length, caryopsis widsh, filament length, wnthor fength, anther width

(exception S. variifolia chat shares other characters aligning it with che sub-
genus). None of the members of subgenus Reverchoniae are sympatric with
subgenus Panrochactivm. Yor further detail of the relationships of the two
subgenera refer to Fox (1999).

KEY TO SUBGENERA OF SETARIA

L. Briscles one to many below cach spikelet (some wichout bristles); leaf blades
|\1u.|u S .

. Leat b]d(l(\ pllkd[( lwrml( present below only some of the spikelets

- Prychophyllum

hM hlm]u not plnurc briscles lu low .\II >|v|l\‘ lcrs (Nl(]\ missing) ...

... Setaria

. “TI\('L‘\])I(HLII[ usually only below the cerminal s|\|k<|(ml branch as an extension

of branch: leaf blades not plicate ... e
3. Panicles nodding (except 8. pradina), huruyg remote, appressed, mostely
racemose branches with spikelets two ranked on an undulating axis; cen-

eral inflorescence axis glabrous; palea of lower florets present and conspicuous
Paurochactium

l’anu ]t‘\LrL(I.splkt](lsd”d!l"(d mudmnly on hr.\mh central inflorescence

axis scabrous: palea of lower florets absent (except S, variifolia) ... Reverchoniae

SUBGENUS REVERCIHONIAL
Four raxa are classified in the subgenuas Reverchoniac: Setaria reverchonis subsp.
reverchonil, S, reverchonis subsp. ramiseta, S. reverchonii subsp. firmula and S.
variifolia. Vigure 2 illustrates the relacionship of che caxa in Reverchoniae.
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Fic.. 1. Two-dimensional representation of all populations measured for the genus Setaria

subgenus Panrachactinm (Rominger 1962).

Rominger (1962) classified S. reverchonis, S. ramiseta, and . firmnla as separate
species following the combinations proposed by Pilger (1940). Other au-
thors who have classified these taxa as species include Hitchcock (1935),
Silveus (1942), Hitchcock (1951) and Gould (1975). When using the keys
prepared by these auchors, it becomes evident thac the characters used do
not result in consistent idencifications. This problem resulted in the scudy
of this complex and the following combinations.

Setaria reverchonii (Vasey) Pilg. subsp. ramiseta (Scribn.) W.E. Fox, comb.
NOV. BASIONYM: Panicim ramisetum Scribn., Circ. U.S. Dept. Agric. Agrost. 27:9.
1900. Setaria ramiseta (Scribn.) Pilg., Engler & Prancl, Dic Nat. Pflanzenf. 14e:72.
1940. T'yei: G. Nealley s.n. (Lictorype: US!, by Rominger 1962).

Panicum subspicatum Vasey, Bull. U.S. Dept. Bot. 8:25. 1889, non Panicun subspicatum
Desv., Opusc. Sci. Phys. Nar. 84. 1831

Additional references and illustrations.—Hitchock & Chase, Contr. U.S. Nacl.

Herb. 15:24, fig. 5. 1910; Hitchcock, Man. Grasses U.S. 611, fig. 1271. 1935.

Setaria reverchonii (Vasey) Pilg. subsp. firmula (Hitche. & Chase) W.E.
Fox, comb. nov. Basionys: Panicum firmulum Hitche. & Chase, Coner. U.S. Natl.
Herb. 15:27, fig. 9. 1910. Setaria firmula (Hirche. & Chase) Pilg. in Er ler & Prantl,
Die Nat. Pflanzenf. 14e:72. 1940. Tyee: D. Griffiths 6446 (norotyer: US!

Additional references and illustrations.—Additional reference and illustra-
tion: Hitchcock, Man. Grasses U.S. 612, fig. 1273. 1935.
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Two-dimensional represencacion illuserating che relationships of the taxa described
in Setaria subgenus Reverchoniac.

Setaria reverchonii subsp. ramiseta can be separated from the other taxa of
the subgenus Reverchoniae wich a shorcer culm length, shorter penultimate
leaf length, narrower leaf width, shorter second glume, shorter upper and
lower lemma and shorter palea of the upper floret. Setaria reverchonii subsp.
reverchonii is separated from subsp. firmula by a longer, narrower and usu-
ally involute leaf blade, a narrower leaf blade base above the collar and a
longer lemma of the lower floret. Further references to the subspecies can

be found in Fox (1999).

KEY TO SUBGENUS REVERCIONIAFE

Palea of lower florets presentand well developed; palea of upper (fertile) florets
3.0-3.1 mm long; distribution Yucaran peninsula of Mexico and Central
S variifolia

America ...
Palea of lower !lnn s ,xlm ntor ru
2.5(-3.1) mm long; distribucion T
ern Mexico 5
- Spikelets (2.4-)2.7-2.8(-3.4) mm long, (1.1-)1.5-1.6(
second glumes (1.9-)2.4-2.5(=3.1) mm long; lemma of lower florets (1.0)
2.3-2.5(=3.2) mm long; lemma of upper florets (1.0-)2.2-2,3(-2.9) mm
long; penultimare leaf blades (3.0-)6.8~7.6(=12.1) cm long; panicles (3.7)
17.7-20.7(-38. 1) cm long . S. reverchonii subsp. ramiseta
. Spikelets (2.9-)3.2-3.4(-4.0) mm l(m)‘ (1.2 l.
second glumes (_’.i )2.8-3.0(=3.6) mm long; lemma of lower florees (1.4)

menr: balea of upper florets (1.0-)1.8
s, New Mexico, Oklahoma and north-

2.0(-3.6) mm wide;

—3.0(-3.7) mm long; lemma of upper forets (2.2-)2.7-2.9¢-3.4) mm
long; penuttimace leaf blades (3.6-)7.9-13.3(=28.6) cm long; panicles (9.5)
25.3-32.6(=64.8) cm long ...
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3. Penultimate leaf blades (3.6-)11.7-13.3(-28.6) cm long, (1.4-)2.1-2.3(~

3.4) mm wide, involute; leaf blade bases above collar (0.7-)1.3-1.5(-2.1)
mm wide; lemma of lower florecs (1.4-)2.9-3.0(=3.7) mm long ...... S. reverchonii
subsp. reverchonii

3. Penultimate leaf blades (5.1-)7.9-8.8(=15.4) cm long, (2.7-)4.4-4.7(—

9.2) mm wide, flattened; leaf bases above collar (1.4-)3.0-3.2(=5.3) mm
wide; lemma of lower florets (1.9-)2.8-2.9(-3.2) mm long .... S. reverchonii
subsp. firmula

SUBGENUS PAUROCHAETIUM

The remaining seven taxa are retained the subgenus Pawrochaetinn as described
by Rominger (1962). These include the original species of Setaria distantifiora,
S. leonis, S. ophiticola,S. pradana, S. subtransiens, S. ntowanaea and S. chapmanii.
Taxonomic interpretation was difficult in the subgenus Panrochaetinm due
to a small sample size. Unfortunately, few specimens have been collected
over time and available for the study. Hitchcock (1936) and Rominger (1962)
classified S. utowanaea, S. ophiticola and S. subtransiens as distinct species. However,
based upon the specimens examined in chis study the following combina-
tions are proposed.

Setaria utowanaea (Scribn.) Pilg. var. ophiticola (Léon) W.E. Fox, comb.
NOV. BASIONYA: Panicum ophiticola Hitche. & Ekman ex Hitchcock, U.S. Dept. Agric.
Misc. Publ. 243:293, fig. 282. 1936. Setaria ophiticola (Hitche. & Ekman) Léon in
Fl. Cuba 163. 1946. Type: E.L. Ekman 12712 (nototypr: US!.

Setaria utowanaea (Scribn.) Pilg. var. subtransiens (Hitchc. & Ekman)
W.E. Fox, comb. nov. Basionvae: Panicum subtransiens Hitche. & Ekman ex Hitchcock,
U.S. Dept. Agric. Misc. Publ. 243:351, fig. 323. 1936. Type: E.L. Ekman 16828
(nororypg: US!).

Based upon the mid-leaf width, leaf base width, spikelet lengch, lower
lemma length and palea length of the upper floret, the varieties of Setaria
utowanaea are classified separately from the remainder of subgenus Pasrochaetium.
Figure 3 illustrates the relationship of the three taxa in the Setaria utowanaca
complex. Setaria ntowanaea var. subtvansiens differs from the other members
of the species with a single bristle present below most spikelets on the branch,
bristle length exceeding the spikelet, and spikelec width. Setaria ntowanaca
var. utowanaea is separated from S. utowanaca var. ophiticola by blade length,
spikelet wideh, lack of tufted basal leaves and the presence of involute leaves
on the upper culm. Setaria utowanaea var. ophiticola has shorter leaf blades,
narrower spikelets, a tufted lower leaf arrangement and upper leaves that
are slightly folded or flat. The following key separates the species of subge-
nus Paurochaetium. A key to separate the varicties of Setaria ntowanaea will
follow. Further reference to the taxa of subgenus Paznrochaetinm can be found

in Fox (1999).
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Fia. 5. Two-dimensional representation of the relationship between Setarsa ntowanaca var,
wtowandea, S. ntowanaea var. ophiticola and S. utowanaca var. subtransions.

KEY TO SUBGENUS PAUROCHAETIUM

Spikelets (1.8-)2.0-2.2(=2.4) mm long, (1.0-)1.1-1.2(-1.3) mm wide, ovate,
lacking palea of lower florets; penultimate leaf blades (9.3-)15.1-19,1=34.4)
cm long, (2.3-)3.2-3.9¢-7.7) mm wide; leaf blade bases above collar (1.1)

1.2-2.7(-6.0) mm wide; second glumes subequal to equal fertile lemmas
S. chapmanii
s]nh lets (1.3 -2.4(=2 v)mm long, paleas of |<y\\<| floret conspicuously
ses above collar (0.3-)0.4-1:4(=1.8) mm wide; second
elumes conspicuously shoreer than fertile lemmas
2. Panicles erece; spikelets (1.7)1.8-2.0(-2.5) mm long, spreading; lower
lemmas (1.4)1.6-1.8C-2.1) mm long; lower paleas (0.4-)0.8-1.1(-1.4)
.. 8. pradana

present; leaf l:LuI« I

mm long: upper paleas (1.2-)1.3-1.5(~1.9) mm long .
- Panicles subflexuous; spikelets (1.8-)2.2-2.4(-2.5) mm long [(
Ju/u///i//um(l 301 A=1.5(=1.7)], not spreading; lower lemmas (1.6-)1.9-
2.2(=2.4) mm long: lower paleas (0.8)1.2-1.8¢-1.9) mm long; upper paleas
(A9 1.6-1.9¢-2.1) mm long SOOI AR T e
3. Spikelets (1391 :4-1.5(-1.7) mm long; first glumes (0.4-)0.6-0.7
0.9y mm long; second glumes (0.6-)0.9-1.1(=1. 3y mm long; lower lemmas
(L1151 0(-1.5) mm long: palea of Tower florets (0.3-)0.9-1.1¢
.3) mm long
. S. distantiflora
3 xpmlmu 618212 —13
1.0 mm long; second glumes (0.7-)1.2=1.7(-2.1) mm long; palea of
lower florets (1.2-)1.6-2.2(-2.4) mm long; palea of upper florees (1.2-)
1,219 (-2.1) mm long .. SR
1. Penultimate leaf l\lml(s(» O )l 3.‘)( 7.4 mm wide: leaf blade base
above collar (1,1-)1.3-1.5(~1.8) mm wide; spikeler (1.6-)1.8-2.0(

N

ept S,

1.3) mm lnng; palea of upper florers (0.9-)1.0-1.1(-

5) mm long; first »L:llll"(\ (0.6-)0.
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2.3) mm long: lemma of lower florets (1.2-)1.6-1.8(-2.2) mm long;
palea of upper florets (1.2-)1.4-1.5(~1.7) mm long
. Penultimate leaf blades (0.9-)1.1-1.3(~4.2) mm wide; leaf blade above

collar 0.4-1.3(=1.4) mm wide; spikelets (1.8)2.2-2.4(-2.5) mm long;
2.4) mm long; palea of upper
. S. utowanaca

....S. leonis

lemma of lower Horers (1.6-)1.9-2.2(
florets (1.4-)1.6-1.9(-2.1) mm long

KEY TO VARIETIES OF SETARIA /TOWANAEA

4.0-5.1(~6.4) mm
. S. utowanaca var. subtransicns
al spikelet of branch, (0.4-)0.5-3.3(=3.9)

1. Bristles pr
long, exceeding spikelet
1. Bristles present below only

sent below mose spikelets on branch, (2.5-

ermin
mm long, not exceeding spikelet .
2. Leaf blades (7.8-)13.1-16.0(=21.9) mm long; spikelers 0.7-0.8(-0.9) mm

... S, utowanaca

wide; basal leaves not tufted, upper leaves involute

var. utowanaca
2. Leaf blades 3.3-5.4(=6.2) mm long; spikelets 0.5-0.7 mm wide; basal
leaves tufted, upper leaves flat or slighely folded roward apex ........... S. utowanaca

var. ophiticola

CONCLUSIONS

Rominger (1962) stated that the separate classification of Seraria subge-
nus Paurochaetinm is “artificial.” However, based upon this study and input
from various others, it is our opinion that, although “artificial” by definition,
the eleven taxa form a distinct group distinguishable from the remainder
of Setaria. Based upon this analysis, keys have been developed that consis-
tently separate the taxa from the subgenera Sezaria and Prychophyllum.

However, our understanding of the relationships within what was origi-
nally classified as Sezaria subgenus Paurochactinm have changed based upon
these analyses. The proposal of the new subgenus, Sezaria subgenus Reverchoniae,
provides a natural separation of the original taxa recognized by Rominger
(1962). With the proposal of the new subgenus, Sezaria now has four recog-
nized subgenera,

The inclusion of Setaria variifolia with the remainder of Setaria subgenus
Reverchoniae added alittle known taxon to the subgenera of Sezaria that has
asingle bristle usually only below the terminal spikelet of the branch. Davidse
(1981) suggested thac S. variifolia was closely related to taxa of subgenus
Paurochactinn as defined by Rominger (1962). This taxon provides a chal-
lenge to its classification due to the overlapping characteristics with scv-
eral of the subgenera. However, based upon these analyses, the taxon is besc
classified with the subgenus Reverchoniac. Setaria variifolia warrants furcher
study to determine if this classification is cruly defined. A comparative analysis
of all of the subgenera would determine if the classification is correct.

Within Sezaria subgenus Reverchoniae two name combinations have been
proposed. Based upon numerical scudy of morphology, leaf anatomy and
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DNA content analyses S. reverchonii subsp. firmula and S. reverchonii subsp.
ramiseta have been proposed (Fox 1999). The taxa of the subgenus (exclud-
ing S. variifolia) show a substantial amount of intergradation.

The remainder of the species originally classified by Rominger (1962)
are retained in the subgenus Paurochactinm. However, name combinations
have been proposed for two of the taxa, S. wtowanaea var. opbiticola and .
wtowanaea var. subtvansions.

There is a need for the scudy of the reproductive behavior of the three
subspecies of S. reverchonii. The results of such research would help better
understand the relationship of the taxa. If these taxa do not hybridize, it
may indicace a trend towards speciation.
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